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Romrdom. The Nerherlonds 
Establishing the functional significance of coronary stewsis 
detected by contrasI angiography is a clinical challenge, 
especially in the case of intermediate stenotic lesions. The 
wadidonal criteria for determining the presence of function- 
ally significant disease, a 50% reduction in lumen diameter 
by visual estimation, suBen from considerable interobserver 
and intraobserver variability (I-3). making this criterion 
unreliable in the csdmation of the functional impact of lumen 
obstrucdons (3). II is in the range of mild to modemtare 
steooses (30% to UJ% diameter stenosis) that the discrep 
aney between visual esdmates and objective meawremenls 
of lumen dimensions is most marked 0,5). Computerized 
of errs and provides objective mearuremcnls of lumen 
dimensions. but the uhysioloaic simificancc of a &en 
cornnary stewsis remains unclear. -&cause of rhe u& of 
arbitrary cutoIf criteria in previous studies addresring this 
problem. and in which coronary an&graphic estimates of 
severity were compared with other imaging. objective in- 
dexes are lacking. 
Recendy. dobu:amint: stress echocardiwphy has been 
introduced as a safe and reproducible technique for the 
diagnosis of coronary mtery disease (6-13). Several studies 
have indicated good correlation between the development of 
wall motion abnomtalilies during mess echocardiography 
and the severity of coronary stenosis (6-15). However, these 
studies have limitations because either visual interpretation 
of the aosiogratn was pelfomed (6.7.141 or arbitmy cutoff 
POintS (13) for quantitative angiographic data were wed. 
The goal of this study waste investigate which quantita- 
tive rmgiographic variables of stenosis seventy best correlate 
with the development of irchemia-induced wall motion ab 
normalities during dobutamine-alrapine stress echowdiog- 
rophy. Angjographic cutoff criteria were derived from re- 
ceiver-operating cuwes to obtain objecrtve criteria for 
assessmenf of functional significance of stenosis severity. 
Shtdy patients. The study patients included 34 consecu- 
tive uatiants referred from the catheterization laboratow. 
witha single-vessel coronary stenosis judged lo have -30% 
diameter stenosis by visual assessment. Tke coronary an& 
gram was performed within 2 weeks before the performance 
ofdobutamine-ottopine stress echocardiography. The steno- 
sis ws located in the left anterior descending ccmonary 
artery ia 26 patients. left circumthx coronary afiery in j 
patiants and tigkl coronary artery in 5 pntients. biean age 
was 61.3 2 12.6 years (range 32 to 79). There were 21 (62%) 
men and 13 (3S’%J women. Patients with unstable angina,. 
previous myocardiaJ infatztion and left bundle branch bkxk 
were e.xc1udc.d. Patients were receiving antiaoginnl medica- 
tion. consisting of beta-adrenergic blockinn a.wtts (24 pa- 
tients). either~akme or in combination with nitntes.~or 
caJcium-chatmel blockiog tt~eots, or both, that was not 
discontinued before the study. 
Iktkntomioe-ntrophr- test. The protocol used at the 
Tkoraxcenter in tke prfonnance of dobutumine-ntropioe 
stress eckocmdiogmfJlty has keen described in detail else- 
where (16). Briefly, lwodimensiomd precordial echocwdi- 
ogmpky was parformad at rest and during incremental doses 
of dobutaminu. Alter a baseline 124ead electmcardiognm 
(ECGJ.d&utnmine was infused thmugR an sntecubital vein 
starting at a dose of 10 +&g body weight per min for 3 mitt 
and increasiog by 10 &kg per mitt every 3 min to a 
maximum of46 ,&g per min (stage 41. This was continued 
for6 min in the absence of an ischemic response. In patients 
not achieving 8596 of mnximal predicted heart rate. atropine 
(0.25 mnt was &en inlruvenouslv al the end of stttae 4 and 
&eaici to &ximum of I rng with the continukion of 
dobutamine for a further 5 min if necessary to achieve the 
previwsly mentioned target heart rate. The infusion of 
dohummkte was stopped if the patient developed marked 
new wall modon abnormalities. ST segment depression 
>0.2 mV E3 ms aBet the J ooint, ST seament elevation. 
typical angina. signil%ant arrhythmias. a de&ease in systolic 
blood prnssum >4ll mm H&r Born rest level or any compli- 
cation considered lo be related to the stress test. 
Standard apical and pamsternal views were recorded in a 
closed tine loop quad-screen formai on super-VHS video- 
tape, facilitating the comparison of rest and stress images. 
Durktg tke anaJysis of the images, the left ventricle was 
divided into 16 segments (17). and each segment was scored 
using a four-point scale: I = normal wall motion and 
thickening; 2 = hypokinesio; 3 = akinesb (absence of 
systclir wall motion and thickening); 4 = dyskioesia (systo!- 
ic outward wall motion wi:h thinningJ. 
Images were reviewed by two experienced investigators 
who were unaware of the cknical and angiogmpkic data. 
Agreement between the two observers was required for the 
classrficattoo of wall motmn abnormalities. In cases of 
dissgrecment. the opinion of a third investigator was consid- 
ered. .A\n wkemic response was d&ted as a stress-induced 
new wall motion abnormality or a worsening of well motion 
abnormality et rest. 
The location of wall motion abnormalities uas correlated 
with coronary arterial distribution by the same metkodoIogy 
as previously described by Segar et al. (13). atIer a modifi- 
cation of the scheme of Bowdillon et al. (l7l. The apical 
lateral and apical inferior segments were considered to be 
areas of ovcrIsp. The apical lateral segment was considered 
to he P” of ke lzft &tenor desieuding coronary artery 
rcrtitoties in associaiion wit additional septsl or anterior 
\vall nwlic;n abnoromhties. The seme segment was consid- 
e;ed to be part of the left circumflex coronary artery distri- 
bution in association with posterior or ponterolateral wall 
motion abnormalities. The apical inferior seament was re- 
lrted to the right camnary tiety systemif there were 
additional mferior wall motion abnormalities and to the Ml 
anterior descending coronary artery region in the presence 
of anterior or nnteroseptal wall motion abnormalities. 
QuentJlalive cotwary Murphy. All 35.mm films were 
analyzed win.9 the Cardiovascular Angiogmphy Analysis 
System !I (CAAS II. Pie Medical). The nuwmoted edge 
detection and videodensitometric techniques of this system 
have been vakdated and described in detail elsewhere (IS.- 
22). All measurements were performed from end-diastolic 
frames with optimal vessel opacification. 
Edge d&wCn. A region of interest of 512 X 512 pixels 
was selected and digitized using a high fidelity charge- 
coupled device video camera. The lumen edges were de- 
tected on the basis of the weighted sum of the first and 
second derivative function of the brigk!ness profile of each 
scan line perpendicular to the vessel centerline. The vessel 
diameter function was determined by computingthe sitotiest 
distance between the right and left contours. Calibration of 
these measurements to absolute values was achieved by 
using rhe calheter tip as a scakog device. A computer- 
derived estimation of the original arterial dimension at the 
sue of obsrruction was used to c?IcuIatc the interpolated 
reference diameter. This technique is based on a computer- 
derived estimation of the original values over the analyzed 
region. The calculation is based on B first-degree polynomial 
computed through the diameter values of the proximal and 
distal portions of the arterial segment, followed by a trans- 
lation to the 80th percentile level. 
Vidrodensilomelry. Densitomerry is based on the ap 
proximate linear regression that exists between the optical 
density of a contrast-enhanced lumen and its absolute di- 
mensions. To follow this approach, the brightness of each 
sian line perpendicular to the vessel centerline was traos- 
formed mio an absorption profile using a simple logarithmic 
transfer fonction to CLVrect for the Lambert-Beer law. The 
background contribution was estimated by computing the 
linear regression line Ihrougb the background pixels located 
left and right of the detected lumm coatours. By subtmctiag 
this background portion from the absorption protile of the 
vessel, a net cross-sectional absorption profile was c&u- 
kited. A cross-sectional area function of the analyzed seg- 
meat was obtained by repeating this process with all scao 
lines. An interpolated reference area was calculated from the 
reference diameter assuming a circular cross section. Tbe 
cross-sectional area at the nrrrowes~ point was identified and 
exwcsscd in mm*. 
-Dala an&y& All continuous variables are expressed as 
mea” value f; SD. The two-tailed Student I test was used for 
analysis of conlinuous data. The chi-square test and Fisher 
exact est were used to compare difle~ences between pro. 
oortions. The iodeo-endent correlation of the aoaioRraohic 
kiables lo the percent of the maximal age-p&&l kean 
rate was determined by logislic regression analysis. Angie. 
graphic variables were entered as categoric variables by UK 
of theirrcscective cutotTvabtes. These values were achieved 
by detei&dng for each variable the point of the maximal 
sum of sensitivity and specificity, when the sensitivily is 
equal to or greater than the specificity. Furthermore, receiver- 
pperator characteristics curve analysis as an objective 
methodfordeterminingthe value ofthevariouaaogiograpbic 
variables in the prediction of aa abnomud dobutamine stnso 
test was applied. This technique is indewndent ofdefinitions 
of cutoti values. The sensitivity (true positive) is plotted 
ilgainst 1 - Soeciflcitv trrtte nenativd daiinR the whole ranea 
of measurem&ds of a specitIc&riable. Odds ratio and 95% 
confidence intervals were calculated for comparison of the 
relative predictive power of the best cutoff value for each 
angiographically determined vaxiabk. A p value < 0.0s was 
considered statistically significant. The statistical package 
used was SAS, release 6.04 (SAS Institute). 
Rnvi of dobutamine&qM strexs test. Dobutamine- 
atropine stress echocardiography was positive in 18 patients. 
There were no significant differences in age, gender or 
a&ted coronary artery between patients with a positive 
@roup 1) or negative (group 2) test:Beta-blockers w&e part 
of the antianeinal thenwv in 24 aatients (70%). Of these. IO 
patients (4%j developed a p&tive dobutamine stress test 
compared with 14 (58%) with a negative test (p = NS). 
Table 1 summarizes the results of the dobutamine 
atropine stress test. The percent of the maximal age- 
predicted heart rate achieved was noted to be signiticantly 
higher(82+14)ingrouplUlaningroup2(69~IT)(p< 
0.0.5) and in patients witiul beta-blocker therapy (87 f 9 vs. 
72 L 17, p 4 0.05). Atropim was added in I5 patients (12 
were receiving b&-blocker therapy). However, because the 
presence and severity of the disease is the main determinant 
of a positive test, the achievement of the target heart rate 
was mwt found by lo&tic reRr&on analysis to be aa 
iadeoendent twdiiIor of a wsitive stress test. In Fiie 1. 
LB &olurion of the haat’t~rate dur& the test is &own. 
Although lhe maximal heart rate when atropb~e was added 
washigher, it did not change tbesensitivilyoftbetest. llwas 
also evident that patieots ‘pkiag b&a-blockers frequently 
rate. D&R the test, aogioa occurred in II (32%). 
with equal distribution in the two gmups (6 patients in gmop 
I. 5 patients in group 2. p = NS). An isebemic ECG response 
during stress testing occurred in eight patients (24%). and 
again tben were no sigai6cant di!Teranccs between the two 
gmups (five patients in group 1, lhree patients in ~mttp 2, 
p = NS). 
Ft~#of~~y. Qorthecntimamup, 
quanlitative c&nary angiogr@y rcwakd a - p&al 
diameter stenosis of 56 + 20% karat 11% to IDogb Ifour 
patients had total occluskm~, meA &ixnt area steno& of 
74 * 2c% (rat&e 24% to lc@%). mepa miaimal lumen 
diameter of I.01 I 0.59 mm (range 0 to 2.U mm) and meao 
w 1. Evolution cf hew rate iHR) dwiw dobutaminc inftwkw 
ad atr&nc administration. CMy seen is the steep hcnase in 
hart rate with the addition of atropiae, althoagh the diflcrese in 
maimal hat mk bctwcn patients who did ml did mn mcive 
atmpim was M)( atistically 3ignifant. 
F@ c 2. Relation bstwsen the sensitivity and specificity of the 
dobutamine-atwim strews test and the rcceiverurrmtor curves for 
each oftbe an&m&k indexes as a function of;tenoris revetiry. 
I.&, Vu&km ie sensitivitv (s&J clt’d@l and suecificitv low 
drcka) am presented as a &iii of cutotT points ior the ii&nt 
qeentitative a&r&k variables. ID& Correrpmding rzccivw 
opi=aIor ewes for the agiogmphic variables. 
reference diameter of 2.41 f 0.52 mm (range 1.64 to 
4.07 mm). 
Fiire 2 shows the relation between the sensitivity and 
specificity of the dobulamine-atmpine stress test and their 
receiver-operator chmacteristics curves for each of the 
angiogmpbic indexes as a function of stenosis severity. For 
clinical purposes, B cut paint is oflen selected to permit 
computation of sensitivity and specificity. variables that are 
widely used and uttderstwd in the published repa’ts (23). 
Then are two commonly used schemes for selecting cut 
taints in this setting. The first involves the choice of a 
ca?ttvettient but arbitrary point, such as 50% diameter steno- 
sis. The second uses the intersect of the sensitivity and 
specificity ewes as the cut point (24). In the present study 
an ahemative approach was used on the basis of receiver- 
operator characteristics cures. We selected the pcint at 
which the sum of the sensitivity and specificity, when the 
sensitivity is equal to or greater than the speciticity, reaches 
a maximum. Because this point takes into account the shape 
of the two curves near the point of interception (Fig. 2). it 
was hoped that this technique would provide better diagnos- 
tic accuraccy. As an example, in Fii 2 if we select the 
interception of the sensitivity and spectity curves, the sum 
will be 159 points (sensitivity 78 t specificity 81). Using OUT 
Ipproach. the sum of the sensitivity and specificity will be 
169 (sensitivity 94 + specificity 75). 
All the qumtiwivk a&graphic variables revealed a 
b&h sensitivity kange 82% to 94%) for the identbkation of 
ischemia-induced wall motion abnormalities. Although all 
the an&graphic variables had the same specifkity (75%). 
minimal lumen diameter had the highest sensitivity (94%). 
Because patients with ttotmal coronary arteries were act 
included in the study, the specificity value is probably 
underestimated. 
Table 2 summarizes the relation of different cutoff points 
to the outcome of the stress test. Minimal lumen diameter 
has a predictive value that is considerably larger (adds ratio 
51) than the commonly used variables of relative obstruction 
(odds ratio of I5 and 23 for percent diameter and percent 
area stenosis, respectively). 
Discussion 
~butam~e sltnss pby. The use of dobu- 
tamine stress echocardiography in the assessment of myo- 
cardial ischemia offers advantages over the traditional nu- 
clear techniques. including lower cost, less time. no 
radiation expke end greakr availability, that justify its 
emwiw aoolication in clbdcal ma&e (6-10.12.13). Ete- I _.. 
cause wall motion abnormalities are an early and specific 
indicator of myocardial ischemia. dobutamine stress echo- 
cardiography is potentially superior to stress scintigmphy, 
particularly in patients with mild to moderate stenoses, 
where transient perfusion defects result from a maldistribu- 
tion of coronary flow and do not necessarily reflect *‘true” 
myocardial ischemia. In addition, single-photon emission 
computed tomogrephic (SPECT) mywardial scintigraphy is 
TIME 2. Qwtitaive Angiographic Results According to Cut06 Values 
associated with a lower specificity compared with dobut- 
amine stress echocardiography in patients with a single- 
vessel coronary stenosis (25,26). 
In the study uatients the incidence of chest pain and 
ischemic ECGreiponse during dobutamine echocardiogm- 
uhv was iow (32% and 24%. resoecrivelv). without relation . , 
to the outcome of the %hoc.udiographic stress test. This is 
not surprising, because in previous studies the sensitivily 
and specificity of stress-induced ECG changes in single- 
vessel disease were also relatively low (27-30). The finding 
of a significant higher heart rate in patients who developed 
wall motion abnormalities during dobutamine stress echo- 
cardiography underlines the importance ofchronoIropism as 
an additional mechanism ID increase inolropism lo induce 
ischemia. This is in agreement with previous experimental 
and clinical data (16,31,32). 
Revbus studies. In previous studies, quantitative augio- 
graphic meawemeut~ of stenosis severity correlated well 
with the outcome of stress echocardiography (13.15). In a 
group of 25 patients with single-vessel disease, Ryan et al. 
(14). usingthecritetion of >5~visuallydetermined percent 
diameter stenosis, found a sensitivity of 76% for exercise 
echoewdiogmphy. Sheikh et al. (15) studied 34 patients with 
single-vessel obstruction and reported that all ptients with 
>75% diameter stenosis by visual assessment developed 
wall motion abnormalities during exercise echocardiogm- 
phy. However, only 50% of the same patients had an 
abnormal test if the augiographic cutoff crilerion was low- 
ered to 50% diameter stenosis. In a subgroup of 30 patients 
with normal left ventricular function at rest and single or 
multivessel disease, Segar et al. (13) described high sensitiv- 
ity (90%) of the dobutamine stress test to detect rigniflcaot 
coronary disease using o diameter stenosis >Xi% by qtta~ 
tit&e angiography. Several investigators (8.10.12,16) using 
the same approach reported a wide variation in the senritiv- 
ity values for the detection of significant lumen reduction. 
All these studies. however. relied on arbitrary cutoff ooints 
for the determination of significant stenosis, and few ;vabt. 
ated (13.15) absolute variables of lumen obstruction. The 
hieh sensitivitv and swcificitv noted for minimal lumen 
diameter in ou; study (4% andk%. respectively), although 
using a different approach. are in accordance with Segar et 
al. (13). who reported B high sensitivity of the dobutamine 
stress test in the identification of coronary stenoses using a 
cutoff criterion of 1.0 mm for minimal lumen diameter; 
however. in their study an attempt to determine the bat 
cutoff point was not reported. 
Rektlve versus t&solute measurements of eorowy stew 
sis. It is known that in the setting of diffuse coronary artery 
disease. relative variables of lumen narrowing may underes- 
timate the functional impact of stenosis severity (33-35). In 
this study, only patients with a single discrete stenosis were 
included. Therefore it is of greater significance that minimal 
lumen diameter was found ID be the best predictor of au 
abnormal stress test. However. even in the presence of focal 
disease, angiogmphicdly normal segments used in the deter- 
mination of the relative measures of lumen obstruction are 
frequently involved in the atherosclerotic process. as re- 
putted in several intracoronary echocardiugrapbic studies 
(36.37). Therefore, absolute dimensions may be a better 
indicator of the physiologic impurtauce of coronary stenoses 
in medium to large arteries. Our finding that a minimal lumen 
diameter rl.07 mm is the best variable for the prediction of 
&hernia-induced wall motion abnormalities supports this 
hypothesis. In this regard, data derived from the 
MERCATOR study (38) revealed that patients with a mini- 
mal lumen diameter <I.1 mm at follow-up had a higher 
occurreoee of subsequent clinical events. Although it has 
been repmted that the sensitivity of a visually determined 
diameter stenosis >X% and <7@% is low for Ihe occurrence 
of new wall motion abnormalities during stress echucardiog- 
raphy (IS). the &ding in our study of a cutoff paint of 52% 
for the diameter stenosis is in agreement with pnviuus 
experimental wok showing a decline in corouary flow 
reserve at this level (39) and coolinns that for this range of 
obstructions, visual assessment overestimates quantitative 
meawemenls (4,5). 
~~-~toae(rlk~ 
uulysk. Semtys et al. (40) sod Witins et al. (41) worted 
that a videodensitometricalliealIv determined area ofobsbwtion 
assessed by exercise-redistribution thallium scintigmphy. 
and these data agree with our aiterion of a 75% reduction in 
cross-sectional area for the prediition of ischemia-ioduced 
wall motion aboormalitics. Viieodmsitometric detcrmbw 
of the geometric shape of the lumen 
potential to overcome limitations related to edge de&lion 
techniques when using a single pmjaetion. In our study an 
avcmgc of two projections was used to determine the 
different aogiogmphii vatiabks, aod situatioos where the 
Occurrence of a complex lumen shape were not included in 
the analysis (e.g., postaogioplasty. untik nogins); there- 
fore, there was ~1 clear advao(apc of lhe densitomefriudly 
detemdned percent area steuosis over pereenl diameter 
steaosis. 
Con&t&m. Quantitative angiography provides no ob- 
jective assessment of the funetiooal sigoiticrmce of coronary 
stenoses as determined by dobutamine sIress cclwwdii 
rephy. Although relative measurements of lumen obswuc- 
don arc pndictive of au abnormal stress echocardiogram. 
minimal lumen diameter appears IO be the optimal variable in 
the determination ofthe physiologic si~ifieaoce of coronary 
steooses in medium to large arteries. 
corwa’y w&ram predict lhe pkyriolog importance of a cornnay 
stenosis? N Engl J Med 19%3105719-24 
4. fkrtrand ME, L&lanchc JM, Bauterr C. Lemy F. Mac Fadden E. 
Di~ordanl re~uhsofvisual nd quantitativeestimates of tenosis eventy 
tafwC and after cornnary angioplarty. Catixl Cardiavasc Diagn 1993:!8: 
l-6. 
5. Fkmina R. Kirkdde RL. Smallin~ ft. Gould KL. Pattcms tn visual 
inlcrprkion afcomnary ticrio& .k detected by quantitanve core 
nary artewsraphy. I Am Coil Car&al 19Yl:IB:945-51. 
6. &the C. Pierad LA, Hiemaun hf. ct al. Predictin: Ihe exlem ;ind 
la.&0 of comnmy artery discasc in wuw myocardial infarctiun by 
echocardiography dunng dcbutaminc iniuian. Am J Cardml 1986% 
1167-72. 
7. CokcnJL.GreemTO.htcnwellerJ. BinenbaumSZ. WilchfonSD. Kim 
ES. Dobutpmine digital cchccardiepnphy for detecting comnw, artery 
diwase. Am 1 Cxdiol 1991;67:1311-8. 
8. S&&i A. Fioretri PM, McNeil .U, Pouoli HM. R&mdl JRTC. 
D&tic stress chc.-x&p.phy: its mle in the diagtorls of coronary 
tiwv disc&% Eur Heart J l592;13:%7. 
9. %I& A. Fmrctti PM. McNeil1 Al. Fbzroli MM. R&a& JRTC. 
F%rntacol~ stress ccbocardiogrr&y in Ihi dtagnosts of coronary 
ulery discax and myocardial iscbacmia: a companran between dobu- 
tatnine utd dipyridamok. Eur Heat? J 1092:11:1356-62. 
IO. Saw& SC. Sew DS. Ryan T. et al. Echocadiogrsphic detect& of 
comamy ticry disensedtingdobutamine hi&on. Circulation lYYl:BJ. 
Iws-Il. 
I I. Epstein M. Gin K. Stems L. PoUick C. Doburamine stress echwmdiug- 
“F&y: initial exptiwe of B cu&inrl cent!% Can 1 Caldwl l9x;6. 
P273-9. 
12. Marcovia PA. Armstrcag WF. Accuracy of dobutamine ~treu rchocw. 
diogphy in &cling corowy artery disease. Am I Cardiol 1992.63 
1269-73. 
13. Sepsr II!% Brown SE. Saw.& SO. Ryan T. Fcignbaum H. Dobutammc 
stress echautdiagnphy: cc&&on with cornnary lrsion severity ds 
dettrmincd by quantitative at@gmphy. J Am Coil Cardiol lY92:19 1197- 
202. 
14. Ryan T. Vary CG, Resti CF. O’Dannel JA. Feigenbaum H. Excrcrss 
echocwd@aphy: dttcction of cci’onary artcry disease in patients wth 
wrmal kfi ventricular wall mixion at rest. J Am Call Cadiol 1988:ll: 
w-9. 
IS. Sheikb KH. Be-n JR. Helmy S. et al. Relation of quantitative 
mm6w ledi! mlsu~meata to the dewloomed of exercise-induced 
k&u& usersed by c.&& &+zxdic&pl&. J Am Coil Cardiol 
19wJwll4%st. 
16. McNciU AJ. Fin& PM, El-Said EM. SBlustri A, Faster f, Roeland, 
JRTC. E&awed sensitivity fa detection of coronary artery disease by 
addi&itufUmpia toddwaminc ~trcsscchormdiogmphy. Am J Curdial 
19?2;70:41-6. 
17. Bcwlilko PDV. Bmderick TM. Sawada SG. et al. Regional wnll modon 
i&n hx i&ct and wsirtfO3Cl rcgiws atIer repufusion m acute 
mwudiml inhtclioa: romwiwm with slobal wall m&n index. J Am 
sic EC- 1989:2:3&4n. - 
IS. Reka JHC, Scrruys PW. Slngcr CJ. Quntitative coronary and Ien 
vcntrkulPr c’ wan&raphy. haerhadology pnd clinical npplicatiuns. In: 
R&u JHC, Satuys PW. editors. State of ths Art in Quetitativs 
~w~_~r@ngapby. Dordrccht. The Netherlands: Martmu N@hoff, 
._ _..__ -. 
19. Retber JHC. S!%gr CJ. kbuwbierr JHC, 0. al. Transfer functions of the 
X-ray cinc video chain @ied to digital processing af coronary cinran. 
m. In: Heiatxn PH. Brenncckc R. rditon. D&al Irrmghtg Car- 
diovuculpr R&i&y. Stttttwt.New York: Tbiemc. 1983:89-l&4. 
8. U&r IHC. Set&i PW. &aijman CJ, et al. Aszessmmt of $hon-. 
me&n- and kx@mm w&ions in arterial dimeerionr from computer 
&sled qw&lic~tkm d coronary ciaeangiogramr. Circulation 198Ii:71: 
280-a. 
21. Hw 1. Di Mario C. Slager CJ. et al. In-viva validation of on-line and 
ofT.line ~mttrk cornnary measurements using ksertion of 5know 
phamatnsinporciae axonpry arlcries. Cathet Cardiovasc Diagn 1992:27: 
16-27. 
22. IX hllario C. Hpps~ I. den Boer A. Scrruys PW. Edge detection vent 
densitomerry for assessing stenosis phantoms quantitatively: an in&o 
compariron h porcine comw aneries. Am Heart J 1992:124:1181-9. 
23. Campbell MJ. Machin D. Medical s&tics: a common~en~ approach. 
Chichester: Wiley, IpM:28-39. 
14 Rcnria~ BJ. Hcrmvls WRM. Deckers JW. de Feyter PJ. Sxmyr PW. 
Which angiographic variable best derwiba f.mctior.d statw 6 monthr 
after succerrful single vessel coronary b&moon ar&?plasty? J Am Call 
Cardiul IWz’71:317-24. 
2% MwaakT. D’Handt AM. BaudhuinT, Wilkmti B. Wijnr W. D&y JM. 
Optimd UK of dobut& ~trers for the detection and evaluation of 
coronary artery disease: ccmbination with echocardk?gaphy or scinrig- 
raphy. UI bath? J Am Coil Cardid ,Y9x22:139-67. 
?6. Zarel BL. Wackm FJ. Nwlw cadiology. H Engl, Med lYY93;5!9:77.5- 
83 
28. Goldrchalilgcr N, Seltzer A. Cohn K. Treatimill stress tebt ailrdicatorof 
pPesewe and severiry d cornnary artery c&we. Ann w.ern Med 
19?68S:?7.-86. 
29. Bco~sroo JR, Mark DB. Honnn MB. et al. Dwection of reswosis after 
~kctwc pcrcutaneour t ar&tmin;tl coraury angioplaty using the L’LCP 
cise treadmill test. Am J Canliol 15QOzti28-34. 
30. Calit? RM, Ohman EM. Frid 01. et al. Rester&n: the clinical iasurr. In: 
TowI El. editor. Textbwk of l~letventioaal Cardiilcgyy. Philadelphia: 
Saunders. 199o:j6>94. 
Ji. McGilkm MJ. DeEoe SF. Frkdman AZ. Mancini J. The e~%cls of 
dopamine ;md~dobutamine bn &anal function in the pnsrnce of rigid 
coronary iteno~es and rubciiticvl impairments twztivc hypcremb. Am 
Hew! J 19RR;tl5:970-7. 
I?. Fiureul PM. Poldananr D, Sahtstri A. et at. Atmpiltf itwares the 
accuney of dobutamine stress cciwardio~raphy. Eur Heart J I’%15 
w-60. 
33 Harrison DG. White CW. Himttfka LF. et al. The value of lesion cror~ 
sectional nrrs dctermincd by quantitatwe coronary an&nphy in rt&ws- 
1~8 the phyriologicel ri@cu~cc of proximal IeR anterior dercading 
ccxonary artery st~~lscs. Circulntion lY%6P:llll-9. 
14. Mucus 511, Htiscm Do. While CW. McPherson DD. Wilson RF. 
Krrber RE. Asxssi~ the physiological significance of comnwabstruc- 
tionr m patieotr: ittpalrmce of&&c undetected athemsclemsia. Pmg 
Cardiovnsc Dis 1988;31:39-56. 
JJ. de Fevtrr PI. Vor J. R&a IHC. Scmw PW. Value and limitations of 
qu:mtiw.bve conmaryangio~phy to 8%x55 prcgtrrioo or regression of 
coronary stbaosckmsir. Reiber JHC. Serruys PW. editors. Advances in 
Quantitative Angiography. Dordrecht: Khwer Acvdcmic fihlnhcn. 
199?:255-72. 
16. McPherson DD. Hintzoka LF. Lambert WC. et al. Delineation of the 
eatettt of coronary atherusclemsis by hi&frequency epirudial echocar- 
diography. N Engl J Med 1987;316:3oP-8. 
37. Escanncd J. Haase 1. di Mario C, et al. Undetrcted cororwy atheroma 
during quantitrtive angiographic attalyris demonstnted by inlravosculnr 
uhrasound and histological morphametry [abstncrl. Eur HearI .: 1993:14 
38. R&Its of the MERCATOR study: 8 muliircntcr, randomized. double 
bhnd placet+coruolled trial. Does Ihe tuw a.!@otcnsin convening 
enzyme :nhYtw cilazapril prevent raterask &r wcutaneous translw 
minal coronary wgioplasty? Circulntion 1592;86zlUO-110. 
39. Gould KL. Lipscomb K. HarniltonGW. Physiological basis forxserring 
criticzd corooary stcttosis: inrtratantoun Raw renpanw and regional 
distribution, dttr&g ccmnary hyperemia PE measures of corotwy Row 
reserve. Am J Car&l 1974;13:87~7. 
40. Scrruyr PW. Reibcr JHC. Wins W. et al. Assessment of percutaneour 
tmnsluminzd cornnary angioplasty by quantitative coronary angwgaphy: 
diamrw versuadsnsitometricarea measurements. AmJ Cardiol1984;34: 
43-8 
41. Wijns W. Serruys PW. R&r IHC. etal. Quantitative angmgnphy Of the 
IeR antenor descending coronary ailrry: Comlat~anr wtth pressure 
gmdicnt and results of exercise thallium scintigaphy. Circulation 1985; 
227>9 
